Introduction
In part 1 of this paper, a concept was presented enabling the calculation of linear temperature programmed retention indices from isothermal retention data, viz. retention indices, relative retention, etc. The numerical treatment uses isothermal retention factors determined within a specific temperature range and the temperature dependence of the column dead time. The concept accounts for all variables in temperature programmed gas chromatography: column length, inner diameter, phase ratio, carrier gas velocity, initial oven temperature, and programming rate. The temperature dependence of the distribution coefficients forms the basis of the concept pre-') Present address: AC Analytical Controls B.V., P.O. Box 374, Delft
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sented. Three possible procedures for calculation with respect to the manner in which the isothermal data are obtained are given in Tables 1 and 2 of part 1, illustrating the flexibility and general use of the concept. This part covers the initial results obtained.
Experimental 2.1 Equipment
A model 5790 gas chromatograph (Hewlett Packard, Avondale, PA, USA) equipped with aHewlett Packard (HP) model 7672 automatic liquid sampler, was used throughout this study. This instrument, together with an HP model 3388 computing integrator was connected via a RS-232 interface with a Nova 4/S minicomputer (Data General, Westboro, MA . USA) to allow completely automatic operation and the access to a large data-buffer. The GChardware provided two point temperature calibrations, at 130 and 32OoC, assuring optimal precision in the oven temperature with temperature control of better than one tenth of a degree. An external, precision pressure-gauge was installed to allow an accuracy of pressure readings of 0.001 bar.
Five crosslinked methyl silicone columns, from the "Ultra Performance" series, were randomly selected over a period of six months from production runs at the Hewlett Packard facility at Avondale. The column characteristics are given in Table 1 . The "Ultra Performance" series is specified to have column to column reproducibility within 0.5 index units of the retention indices for dodecanol, methylcaprate, and acenaphthylene. The value of the retention factor of pentadecane is specified within 0.2 units for each phase ratio.
Helium was used as the carrier gas. The average linear carrier gas velocity was set at 25 cm/s (measured at an oven temperature of 6OOC). The septum-flush flow was 3 Table 1 Column characteristics, measured pressure drop and the dead-time as a function of temperature for the five columns.
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(m) diam. ratio (bar) Table 2 Temperature dependence of AH/R and a@ ; influence on the calculated retention temperatures. Calculated for n-dodecane. Column OV-1 (25 m X 0.3 mm).
Procedure
The applicability of the concept was evaluated using different samples which contained, in addition to n-alkanes, several alcohols, ketones, alkyl-benzenes, and alkenes. A total of 43 components was studied.Thesesamples were analyzed under isothermal conditions (50, 100, 150, and 3OO0C, with a maximum analysis time of 75 minutes), and temperature programmed conditions (initial temperature 5OoC, programming rate 2,4, and 8O/min, until elution was complete). The necessary calculations were run on an Apple Ile microcomputer.
The enthalpy (AHIR) and entropy (a/P) terms as defined in part 1 were calculated from the two isothermal runs with the lowest temperatures in which the components elute within 75 minutes, according to Eq. (6) (part 1). The values obtained were inserted into Eq. (10) (part I), togetherwith the measured or calculated temperature dependence of the column dead time. Using Simpson's rule, the retention temperature was calculated for the desired initial temperature and programming rate with a temperature resolution of 0.01 K.
Results and Discussion
Selection of the Temperature Range
The accuracy of the concept and the considerations in choosing the initial oven temperature and programming rate are given by the temperature range enclosed by the temperatures at which the retention factors are determined. By definition, entropy and enthalpy terms depend both on temperature and on the type of stationary phase. For a given column and a given component, the entropy and enthalpy terms were calculated over a wide temperature range by considering consecutive sets of isothermal runs, which differ by 5OC. The results are given in Table 2 . Between 100 and 14OOC the enthalpy term decreases about 4%, whereas the entropy term roughly increases 90%. The entropy and enthalpy terms are interrelated through the free energy. The increase in the entropy term counterbalances the decrease in the enthalpy term. Therefore, these variations have no large effect on the calculated retention temperature (cf. the entropy and enthalpy terms were estimated from a temperature range corresponding to the actual temperature range in which the component eluted in the temperature programmed analysis.This is demonstrated in Table 3 . For the temperature range between 343 (To) and 383 K, the actual and experimental retention temperatures were almost identical. The determination of the entropy and enthalpy terms from two temperatures, one of which was close to To and the other close to TR than from two or more temperatures not very close toTR has to be preferred. However, in practice it is recommended to determine entropy and enthalpy terms from a temperature range about 100 to 50% below the boiling point of the component. These limits are not very critical, except for the lower limit, which is the initial temperature To.
Furthermore, it is very important to note that in the calculation of the temperature programmed indices, the retention temperatures of the component and the adjacent n-alkanes, are calculated using entropy and enthalpy terms obtained from an identical temperature range. Deviations, due to systematic errors in the calculation, are thus avoided.
The previous considerations concerning the three procedures as presented in Tables 1 and 2 of part 1 are summarized in Table 4 .
Accuracy and Reproducibility
All analyses were run only once. Nevertheless, the reproducibility of retention times and retention temperatures could be established because all samples contained the normal alkanes C-6 to C-15. The reproducibility of the retention times in the isothermal analyses was found to correspond with an overall standard deviation of 0.05% while in the temperature programmed runs it was 0.04%. These standard deviations result in variations in the measured isothermal and programmed indices with a maximum of 0.2 index units (lu.).
The column dead-time, determined using methane varied linearly with the column temperature (correlation coefficient: 0.997). The standard deviation of the individual measurements was 0.02%. 
Column Dead Time as a Linear Function of Temperature
After installation of the' columns the average linear gas velocity was set to 25 cm/s (at 6OoC), assuming the columns to be 50 meters long. The pressure drops required for the different columns are tabulated in Table 1 . The low value for column number 2 is striking, indicating unknown irregularities in the column. However, the column dead- Table 6 Measured indices for column 3 under different temperature conditions. Initial temperature in programmed analysis: 5OOC. Only small differences were observed in the coefficients from the experimental data. The coefficients after calculation show larger differences and do not match with experiment. Calculation of to (T) is liable to error, because of uncertainty in column length and inner diameter. Experimental data are preferred. However, it will be shown that systematic errors in the calcullation of retention temperatures partly cancel out in the programmed index calculation. column. There is no systematic error between the 0.2 mm and the 0.31 mm inner diameter columns.
Comparison of Columns, Measured Indices
From the above results it can be concluded that with respect to retention, the columns are identical and fulfil the specifications. They also fulfil the requirements which have to be met in the transfer of temperature programmed retention data: reproducibility of retention characteristics; polarity of the stationary phase and column activity.
Examining the measured indices of a single column, as given in Table 6 , the dissimilarity of isothermal and temperature programmed indices becomes obvious. In all cases the temperature programmed indices are lower than expected from the isothermal values. The deviations cannot be explained by the temperature dependence of the isothermal indices. As discussed in part 1, there is no simple relation between isothermal and temperature programmed indices.
Calculated Retention Temperatures and Indices
In principle, as indicated in Table 4 , every component has its optimum temperature range for calculating the retention factors. However, this would be very impractical. From the boiling points of n-hexane to n-pentadecane three different temperature ranges were chosen. For the components eluting between n-hexane and n-decane, isothermal runs were performed at 50 and l OOOC, the components eluting between n-decane and n-tridecane were run at 100 and 1 5OoC, and components eluting after n-tridecane at 150 and 200OC. Both n-decane and n-tridecane belong to two different groups.
Calculation of Temperature-Programmed Retention Indices: Results
The entropy and enthalpy terms were calculated (Eq. (6), part 1) using the retention factors obtained from the two isothermal runs. Some results are given in Table 8 . Very good agreement is observed.
The average absolute differences between the measured and calculated data forthe different 0.2 mm inner diameter columns and the different temperature programmed conditions are given in Table 9 . With these results an analysis of variance with 99% confidence is run. The columns are identical with respect to the differences in measured and calculated retention temperatures. Columns 1 and 3 show asignificant difference from 2 and 4 with respect to measured and calculated indices. This is mainly caused by the lower ketones, which show large differences between measured and calculated programmed indices.
The average absolute difference in the retention temperature of 0.8 K should yield a maximum deviation in the index of 8to 5ITu. (ATfor the subsequent n-alkanes between 4 and 15 K). The calculation, however, resulted in an average absolute difference of 0.46 ITu. The largest difference between measured and calculated retention temperatures is found at the highest programming rate applied (8O/min). However, under these conditions the deviation between indices is smallest. If the difference between measured and calculated retention temperatures for a given component and the adjacent n-alkanes is of the same magnitude and in the same direction, an accurate index value will still be obtained.This holdsfor all the results. A systematic error in the calculated retention temperatures is cancelled out in the calculation of the programmed index. The same reason can be given for the observed minor differences in the calculated temperature programmed indices between the use of the experimentally determined and calculated temperature dependance on the column dead-time.
The calculation as presented above is carried out according to procedure 1 (Table 1 in part 1). The same results would be obtained if the measured isothermal indices or compilations of data with a comparable accuracy were used following procedure no. 2 (Table 1 in part 1). The match between calculated and measured temperature programmed indices is excellent, especially at higher programming rates.
Transfer of Isothermal Data
Compared to the 0.2 mm inner diameter columns, the 0.31 mm inner diameter column has a different phase ratio, 450 instead of 150, and a different column dead-time as a function of temperature.
Theoretically the enthalpy term is the same. The entropy term must be corrected for the phase ratio (cf. Table 9 Mean absolute differences between measured and calculated retention temperatures for all 33 solutes and 10 n-alkanes studied. itself (procedure 1 in part l), the other incorporating the average values for the entropy and enthalpy terms of the 0.2 mm inner diameter columns (procedure 3 in part 1). In both alternatives the temperature dependence of the column dead-time established for the 0.31 mm inner diameter column has to be inserted. The results of both calculations, presented in Table 11 , are almost equally good. This means that the isothermal retention information (entropy and enthalpy term) can be transferred from one column to another column is calculating temperature programmed retention indices, under the condition of identical stationary phase type and column deactivation cf. Table 12 shows some comparative results between the concept described and the results when using the equations given in [6] and [ A in part 1. It is obvious that the temperature dependence of the isothermal index only is not sufficient to predict linear temperature programmed indices. Linear temperature programmed indices can be calculated from isothermally obtained data with an accuracy better than 0.5 index units.
Rate
The entropy and enthalpy terms can be transferred from one column to anotherwith the same stationary phase, but with different column length, inner diameter, different phase ratios, and different chromatographic conditions (initial temperature and programming rate). Therefore, the concept can be incorporated into a larger system for table matching by means of temperature programmed gas chromatography without the necessity of standardizing chromatographic conditions. However, column characteristics must be reproducible.
Either the experimentally determined or calculated temperature dependence of the column dead-time may be used. Systematic errors in the calculation of the retention temperatures cancel out in the retention index. Therefore, accurate values are obtained. Obviously, the column polarity must be reproducible and optimal temperature control of the oven is necessary.
The results presented are only a small, but representative part of the results obtained during this study. A complete presentation of the results will be given in future publications [l] .
